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Abstract 
The building environmental assessment systems and tools used over the world were the base of new system 
development for Slovak conditions. The proposed fields are site selection and project planning; building construction; 
indoor environmental quality; energy performance; water and waste management. The fields and indicators were 
proposed on the bases of available information analysis from particular fields of building environmental assessment 
and also on the base of our experimental experiences. The aim of this paper is presented developed building 
environmental assessment system oriented to energy performance and the significance weight determination of 
mentioned field. Percentage weight of fields and indicators was determined on the base of their significance, 
according to mathematical method. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords: building environmental assessment; multicriteria analysis; system; method 
Nomenclature 
BEAS Building Environmental Assessment System  
AHP  Analytic Hierarchy Process 
MCA Multicriteria analysis 
GWP  Global Warning Potential 
AP Acidification Potential 
LCA Life Cycle Assessment 
 
* Corresponding author. Tel.: +4215556024125 . 
E-mail address: eva.kridlova.burdova@tuke.sk . 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the organizing committee 
of 2nd International Confer nce on Advan es i  Energy Engineering (ICAEE). Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1176  Eva Kr\’eddlov\’e1 Burdov\’e1 and Silvia Vil\uc0\u269 ekov\’e1\ / Energy Procedia 14 (2012) 1175 – 11802 Author name / Energy Procedia 00 (2011) 000–000 
1. Introduction 
Buildings should be constructed with wall materials according to the outside environmental conditions 
and indoor thermal comfort requirements. The external walls and roof of a building are the interfaces 
between its indoor and the outdoor environment. In general, thermal insulation is installed in building 
envelope components to reduce space heating and space cooling, energy use and costs [1, 2]. 
The goal of energy performance is to reduce the total building energy consumption and peak electrical 
demand, to reduce air pollution, contributions to global warming, and ozone depletion caused by energy 
production, to slow depletion of fossil fuel reserves and to lower energy costs and gain related savings due 
to upgrades to infrastructure. Energy consumption in buildings can take place in two different ways: 
energy capital that goes into production and transportation of building materials and the assembling of the 
building (embodied energy), and the energy needed for the maintenance/servicing of a building during its 
useful life. The second criterion greatly depends on the climatic variations in a particular region.  
The choice of indoor design conditions, including the dry bulb temperature set-point, the ventilation 
rate, the occupancy density and the lighting and equipment power intensities can influence substantially 
the air-conditioning energy use in a building [3, 4]. Accordingly, whether or not they are used in 
determining the energy budget will have a significant impact on the energy performance assessment result. 
If design values are selected for the calculations, the validity of the assessment result is dependent on 
whether the design conditions will match well with the in-use conditions [5]. 
In the last few years, considerable attention has been devoted to the energy performance of buildings in 
Slovakia. Energy performance of buildings is related mainly to the energy consumption for heating, 
cooling, domestic hot water, ventilation and lighting.  
2. Energy performance 
Buildings today account for 40% of the world’s primary energy consumption and are responsible for 
about one-third of global CO2 emissions. Under the Kyoto Protocol, the European Union has committed 
itself to reducing the emission of greenhouse gases by 8% in 2012 compared with the 1990 level and 
buildings have to play a major role in achieving this goal. If building energy efficiency is improved by 
22%, 45 million tonnes of CO2 can be saved, nearly 14% of the agreed total savings of 330 million tonnes. 
The European Directive for Energy Performance of Buildings, signed by the European Parliament and 
Council in 2002, was created to unify the diverse national regulations and calculation methods, to define 
minimum common standards on building energy performance and to provide certification and inspection 
rules for a building and its heating and cooling plants. Although the performance directive only defines a 
common methodology for energy certification, most European countries have now increased their 
requirements to limit new buildings’ energy demand [6]. Energy consumption in buildings can take place 
in two ways: energy capital that goes into production and transportation of building materials and 
assembling of the building (embodied energy), and energy for the maintenance/servicing of a building 
during its useful life. The second one greatly depends on the climatic variations in a particular region. The 
first one is a one-time investment, which can vary over wide limits depending upon choice of building 
materials and techniques [7]. The technological and social dynamics that determine energy demand are of 
central importance to managing energy systems. Total demand for primary energy resources depends on 
both the efficiency of the processes used to convert primary energy to useful energy and the intensity with 
which useful energy is used to deliver services. For example, total demand for a primary resource like 
coal depends not only on the efficiency with which coal is converted to electricity, but also on the 
intensity with which electricity is used to deliver services such as lighting or refrigeration [8]. Therefore, 
energy performance is main assessment field in building environmental assessment systems used over the 
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world. The comprehensive assessment of buildings is very important in achieving sustainable 
development. The aim of the building environmental assessment is to provide a sustainable building 
design, construction, operation, maintenance and renovation which require cooperation between civil 
engineers, architects, designers, environmentalists and other experts of building performance.  
3.  Building environmental assessment 
Building environmental assessment is a specific complex of proceedings oriented to systematic and 
objective evaluation of building performance. These processes lead to design, construction and operation 
of buildings with respect to criteria of sustainable development. Building environmental assessment is not 
only tool of control, but also tool of sustainable building design. The development of building 
environmental assessment is enhanced for last nineteen years over the world. The number of building 
environmental assessment systems/methods has increased from the introduction of BREEAM (UK). The 
other significant systems developed in many countries are Green Globes (Canada), LEED (USA), SBTool 
(international), NABERS (Australian), CASBEE (Japan), HK-BEAM (Hong Kong), France HQE 
(France), E-audit (Poland), Protocollo ITACA (Italy), LEnSE (EU). The assessment systems are based on 
the building’s life cycle: pre-design, new buildings, existing buildings, and renovation. In previous time 
the requirements on environmental safety, suitability and responsibility of buildings have been increased. 
The criteria of sustainability are included in building environmental assessment systems used in different 
countries for evaluating the sustainable and environmental performance.  
4. Building environmental assessment system in Slovakia 
The building environmental assessment system (BEAS) has been developed in Slovakia as well 
through the last years. This topic is very discussed between architects, designers and developers in 
Slovakia. The main fields and determining indicators of BEAS are proposed on the base of available 
information analysis from particular fields and also on the base of our experimental experiences. The 
proposed indicators respect Slovak standards and rules. The background of BEAS development was 
mainly SBTool.  
The methodology of the derivation of assessment field in BEAS has been performed according to a 
study [9]. A field list has been derived by a three-step process. In order to establish a comprehensive set 
of fields of the building environmental assessment method for office buildings, a combination of 
reviewing existing methods of building environmental assessment used worldwide, valid Slovak 
standards and codes, and an academic research paper has been conducted. A three-step process has been 
conducted in this method. The first step, a full range of fields relating to the sustainable building 
efficiency, has been collected through a wide-ranging literature review. In step 2, a draft indicator list has 
been selected from the full indicator list based on an in-depth analysis. In step 3, a questionnaire survey 
has been conducted in order to get the comment from the experts to refine the draft indicators. As a result, 
a final indicator list has been proposed. The final indicators list is presented for “Energy performance” 
main field of assessment in the next sections of this paper. 
4.1. Literature review 
The field of building environmental assessment has matured remarkably quickly since the introduction 
of BREEAM, and the past thirteen years have witnessed a rapid increase in the number of building 
environmental assessment methods in use world-wide In the Table 1 are shown the most significant 
building environmental assessment system with their main fields of assessment used over the world.  
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Table 1. The most significant building environmental assessment systems [10-17] 
System Main fields 
BREEAM Management, Healthy and well being, Energy use, Pollution transport, Materials, Land and ecology, Waste Water 
Green Globes Energy, Water, Resources, Indoor environment, Emissions, Environmental management 
SBTool 
Site selection, Project planning and development; Energy and resource consumption; Environmental 
loadings; Indoor environmental quality; Functionality and controllability of building systems; Long-term 
performance; Social and economic aspects 
LEED Sustainable site, Water efficiency, Energy & Atmosphere, Materials & Resources, Indoor environmental quality, Innovation & Design process 
CASBEE 
Quality Q – Building environmental quality and performance (Indoor environment, Quality of service, 
Outdoor environmental on site) and loadings L – Reduction of building environmental loadings (Energy, 
Resources and materials, Off-site environment) 
HK-BEAM Site aspects, Materials aspect, Water use, Energy use, Indoor environmental quality, Innovations and performance enhancements 
NABERS Land, Materials, Energy, Water, Interior, Resources, Transport, Waste 
LEnSE Environmental aspects, Social aspects, Economical aspects 
4.2. System BEAS 
In the table (Table 2) is shown draft indicator list which has been selected from the full indicator list 
based on an in-depth analysis. 
Table 2. Main field and subfields of system BEAS 
Main fields Subfields of assessment 
A Site Selection and Project Planning Site selection, Site developmnet 
B Building Construction Materials (Eco-labelling, Locally materials, recycled materials,  Use of substitutes in concrete, Radioactivity of building materials), LCA (Primary energy, GWP, AP) 
C Indoor Environment Thermal comfort, Ventilation, Noise, Daylighting, Shading and blinds, Artificial lighting, Interior materials, Pollutant migration 
D Energy Performance Operation Energy, Active systems using renewable energy sources, Energy management 
E Water Management Reduction and regulation, Surface water run-off, Drinking water supply, “grey water”
F Waste Management Waste disposal, Minimize waste resulting from building operation, building construction and demolition
4.3. Questionnaire survey 
A questionnaire survey which aims to weight the final fields in BEAS has been conducted with the 
experts. Eleven experts participated in the study. Their task was the determination of significance 
intensity of main fields according nine-point scale of relative importance. Consequently the order and 
weights of significance of main assessment fields was determined. According AHP method, the numerical 
value of fields in a comparison matrix is determined by the Saaty’s nine-point scale of relative importance 
for pairwise comparison [18]. On the base of intensity expression of significance has been assigned the 
order of fields. In the table (Table 3) is shown identification of significance of main assessment fields 
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determined by experts. The number 1 means the most important field; number 2 means the second 
important field, etc. 
Table 3. Expert identification of significance of main assessment fields 
Expert 1 2 3 4 5 6 7 8 9 10 11 Weights 
A – Site Selection and Project Planning 4 1 1 2 2 1 1 4 4 1 2 0,2134 
B – Building Construction 2 4 3 4 3 6 1 1 1 5 3 0,1454 
C – Indoor Environment 2 1 3 1 3 1 1 1 1 1 3 0,2252 
D – Energy Performance 1 1 1 2 1 1 1 1 1 1 1 0,2784 
E – Water Management 5 4 3 4 5 4 5 4 4 1 3 0,078 
F – Waste Management 6 6 3 4 5 4 5 4 4 5 3 0,0597 
4.4. Results 
In the table below (Table 4) is presented the example of main field – D – Energy performance 
weighting by Saaty [18]. The criteria weight was assigned using Saaty’s matrix. In the table (Table 5) is 
shown main field D – Energy performance with weight determined by Saaty’s method. This field has 
three subfields. These subfields have several indicators of assessment. The weights were determined 
according the questionnaire survey introduced below. Hierarchy structure allowed using Multicriteria 
analysis (MCA) for weight significance determination. MCA is a tool for effectiveness evaluation and 
decision support. One of the Multicriteria analysis methods is Analytic hierarchy process (AHP). AHP is a 
theory of measurement through pairwise comparisons and relies on the judgments of experts to derive 
priority scales. It is these scales that measure intangibles in relative terms. The comparisons are made 
using a scale of absolute judgments that represents how much more; one element dominates another with 
respect to a given attribute. 
Table 4. Example of Analytic hierarchy process (Saaty) method  - D - Energy performance 
a(i,j) Criteria П a(i,j) R(i) =[П a(i,j)] 1/3 Weights v(i) % Criteria D1 D2 D3 
D1 1,00 5,50 2,00 11 2,224 0,692 69,2
D2 0,18 1,00 1,00 0,181818 0,567 0,176 17,6
D3 0,15 0,50 1,00 0,076923 0,425 0,132 13,2
Total:     3,780 1,000 100
Table 5. Energy performance in system BEAS 
Main field D Energy performance 
Weight [%] 27,84 
Sub-fieds D1 Operation Energy D2 Active systems using renewable energy sources D3 Energy management
Weight[%] 69,2 17,6 13,2 
Indicators 
D1.1 
Energy 
needs 
for 
heating 
D1.2 
Energy 
needs for 
domestic 
hot water 
D1.3 Energy 
needs for 
mechanic 
ventilation 
and cooling
D1.4 
Energy 
needs for 
lighting 
D1.5 
Energy 
needs for 
appliance
s 
D2.1 
Active 
solar 
design 
D2.2 
Heat 
pum
p 
D2.3 
Photovoltaic 
technology 
and heat 
recuperation 
D3.1 
System of 
energy 
manageme
nt 
D3.2 
Operation 
and 
maintenan
ce 
Weight[%] 23,08 23,08 23,08 17,95 12,82 36 32 32 50 50 
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5. Conclusion 
The developed building environmental assessment system applicable in Slovak conditions consists of 6 
main fields and 52 relevant indicators. The basis of assessment development consists of systems and 
methods used in many countries, especially the SBTool. The main fields are building site and project 
planning, building construction, indoor environment, energy performance, water management and waste 
management. The aim of paper was the identification and determination of weights of fields in BEAS. 
Eleven experts participated in the study. Their task was the determination of significance intensity of 
main fields according nine-point scale of relative importance. Consequently the order and weights of 
significance of main assessment fields was determined. The field of energy performance was determined 
as the most significant field with the weight of 27.84 %.      
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